Juvenile and adult orangutans (n = 5; Pongo pygmaeus), chimpanzees (n = 7; Pan troglodytes), and 19-and 26-month-old children (n = 24; Homo sapiens) received visible and invisible displacements. Three containers were presented forming a straight line, and a small box was used to displace a reward under them. Subjects received 3 types of displacement: single (the box visited 1 container), double adjacent (the box visited 2 contiguous containers), and double nonadjacent (the box visited 2 noncontiguous containers). All species performed at comparable levels, solving all problems except the invisible nonadjacent displacements. Visible displacements were easier than invisible, and single were easier than double displacements. In a 2nd experiment, subjects saw the baiting of either 2 adjacent or 2 nonadjacent containers with no displacements. All species selected the empty container more often when the baited containers were nonadjacent than when they were adjacent. It is hypothesized that a response bias and inhibition problem were responsible for the poor performance in nonadjacent displacements.
Inferential reasoning has been documented in numerous species as the mechanism implicated in the solution to a variety of problems such as navigation, transitivity, tool use, and vocal comprehension (for reviews, see Tomasello & Call, 1997; Vauclair, 1996) . Making inferences consists of reorganizing current information or combining it with past experiences to derive appropriate novel solutions. One of the areas that has produced some of the best examples of inferential reasoning is that of spatial problem solving (for reviews, see Roberts, 1998; Thinus-Blanc, 1996 ). Yet not all spatial problems require the use of inferences. For instance, if a subject sees where an object is deposited, she may simply remember the location of the object without having to infer anything. To probe the ability of animals to make inferences about the location of objects, researchers must present subjects with incomplete information to investigate whether they take advantage of this information.
The systematic search for an object that has been displaced under several opaque occluders has often been used to support the idea that subjects mentally reconstruct the path followed by the object (Piaget, 1954) and that they are capable of inferring the possible locations where an object may be hidden. However, the use of systematic search as a criterion is problematic because it can result from a simple search-under-all-occluders strategy. One variation of this procedure pioneered by Natale, Antinucci, Spinozzi, and Poti (1986) consists of making some alternatives not logically possible, for instance, by not displacing the target object under certain occluders.
In one version of this problem (visible displacement), the experimenter displaces the target object under some of the occluders available, and subjects can assess whether the object has been left, under the occluder or is still being displaced. For instance, the object can be displaced with the help of an inverted transparent cup that allows subjects to determine if the object still remains inside the cup after visiting the various occluders. Several species of primates, dogs, cats, and birds are capable of correctly selecting the occluder containing the reward regardless of the number of containers visited (de Blois & Novak, 1994; Dore, 1990; Pepperberg & Funk, 1990) or the containers' adjacency (or lack thereof; de Blois, Novak, & Bond, 1998; Gagnon & Dore, 1992 , 1993 Natale, 1989; Natale et al., 1986) .
In another version of this problem (invisible displacement), the experimenter executes the same movements as in visible displacements, but subjects cannot determine where the target object is left because an opaque (rather than a transparent) cup is used to execute the displacements. Thus, subjects have to infer to possible locations of the object by recalling the locations visited by the experimenter. Results of invisible displacements are more mixed than those for visible displacements. Some species, such as cats and squirrel monkeys, appear incapable of coping with invisible displacements (de Blois et al., 1998; Dor6, 1986 Dor6, , 1990 . Other species, such as rhesus macaques (de Blois & Novak, 1994) , are capable of solving single displacements (i.e., the object is moved under one of the available containers) but fail double displacements (i.e., the object is moved under two of the available con-CALL tainers). Furthermore, some macaques, orangutans, and gorillas have solved double adjacent displacements but have had problems with double nonadjacent displacements (de Blois et al., 1998; Natale & Antinucci, 1989; Natale et al., 1986) .
Although current evidence indicates that invisible displacements, especially nonadjacent displacements, are the hardest ones to solve, a clear explanation for this finding remains elusive. Two main hypotheses have been proposed to clarify this result: memory deficits and inhibition problems, de Blois et al. (1998) indicated that a memory deficit was the most likely explanation for their orangutans' failure in the invisible nonadjacent displacements. These authors argued that when the orangutans did not find the food in one of the boxes visited by the experimenter, they could not remember the other location visited by the experimenter and selected the wrong container. Gagnon and Dore (1993) have also invoked some sort of memory deficit to explain dogs' decreased performance in invisible compared with visible displacements. In particular, these authors have argued that the invisibility of the object moving toward the containers, the transfer from the original container to its final destination, and the continued displacement of the original container once the reward has been deposited in its final location are factors that contribute to the subjects' decrease in performance.
In a different vein, Diamond (1991) argued that the inability to inhibit certain responses was the likely cause of some of the object permanence mistakes observed in young children. This inhibition hypothesis has mainly been used to explain the A-not-B error. This error consists of searching for an object in the last location where it was previously found, even after individuals observe the experimenter moving the object to a novel location next to the original location. It is conceivable that individuals may also have problems inhibiting previously rewarded responses when the object displacements entail a greater complexity. A different version of this inhibition hypothesis postulates that subjects may experience difficulties when they have to refrain from producing certain natural responses. For instance, Boysen, Berntson, Hannan, and Cacioppo (1996; see also Boysen & Berntson, 1995) found that chimpanzees were unable to inhibit selecting the largest of two food quantities in a reversed contingency paradigm (i.e., you get what you do not choose).
Research with young children has also shown that invisible displacements are harder to solve than visible displacements and that double displacements are harder than single displacements (Kramer, Hill, & Cohen, 1975; Piaget, 1954; Sophian, 1985) . Translating this into a developmental framework, older children perform better than younger ones in each of these tasks, which they progressively master during their first 2 years of life. By the end of this period, children are capable of solving invisible displacements. Despite the voluminous literature on object permanence in children, to the best of my knowledge, no researcher has attempted to use Natale et al.'s (1986) methodology with children. In particular, no study has tested whether children also show a differential success in adjacent and nonadjacent trials. As a consequence, the nonhuman literature is not strictly comparable to the human literature (the same applies to some studies on nonhuman species that have used a methodology derived from human studies, e.g., Pepperberg & Funk, 1990; Wood, Moriarty, Gardner, & Gardner, 1980) . This is unfortunate because it is often assumed that 18-to 24-month-old children will succeed in any kind of invisible displacement that has been used with nonhuman animals.
The aim of this study was to remedy the lack of knowledge regarding two issues. First, I investigated the possible reasons for apes' failure in invisible nonadjacent trials. In Experiment 1, a variety of displacement types (visible and invisible, single and double, and adjacent and nonadjacent) were used to assess how well chimpanzees and orangutans performed in each task. Special attention was devoted to the strategies that might explain the apes' performance in invisible nonadjacent displacements. In particular, error (and success) patterns and response biases were analyzed to test whether memory deficits or an inhibition or a response bias (or some combination of the three) explained the errors observed. Moreover, in Experiment 2, I tested these explanations further in the absence of any displacements.
Second, I compared children's performance in the same tests that were used for orangutans and chimpanzees. The rationale for directly comparing the three species was as follows. Children were tested because there were no studies that had directly compared children in the same tasks that have been used with nonhuman animals. Orangutans were tested to compare and calibrate the current results with those of another recent study in which object permanence in orangutans was also investigated. Finally, chimpanzees were studied because there were no studies in which the Natale et al. (1986) methodology had been used to test invisible displacements in this species. There are several researchers that have used other methodologies (e.g., Mathieu, Bouchard, Granger, & Herscovitch, 1976; Wood et al., 1980) or that have only studied visible displacements (Poti & Spinozzi, 1994 Using this experiment, I investigated the ability of chimpanzees and orangutans to predict the location of food after various types of spatial displacement. Visible and invisible displacements were used as well as various types of displacements corresponding to various levels of complexity: single and double displacements and adjacent and nonadjacent displacements. On the basis of previous research, it was predicted that visible displacements would be easier to solve than invisible displacements, single displacements would be easier than double displacements, and adjacent displacements would be easier than nonadjacent displacements.
Method
Subjects. Seven adult and subadult chimpanzees (Pan troglodytes) and 5 adult and subadult orangutans (Pongo pygmaeus) participated in the study. All the apes were housed at the Yerkes Regional Primate Research Center (Atlanta, GA), except Rusa who was at Zoo Atlanta. All apes were housed with conspecifics (either in pairs or social groups of various sizes) with access to indoor and outdoor areas. Apes were tested in their indoor cages and were fed according to their normal daily routine, that is, twice a day on a diet of fruit, vegetables, and monkey chow. Water was available ad libitum, and apes were not deprived of food or water during testing. Three apes, Chantek, Ericka, and Peony, had extensive experience with humans from an early point in their development. Their experiences included manipulating complex objects, participating in household routines, and using symbolic systems to communicate with their caregivers (for further details, see Miles, 1990 Miles, , 1994 Premack, 1971) . Most apes had This document is copyrighted by the American Psychological Association or one of its allied publishers.
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previously participated in other studies, so they all were familiar with the basic procedure (see Table 1 for further details). Apparatus. Three opaque white containers (6X6X6 cm) commonly used for storing office supplies were used as containers. Containers were presented upside down on a wooden platform (70 cm X 40 cm) separated by 25 cm from center to center. I used one of two additional small containers (3X3X3 cm) to displace a food reward between one (single displacement) or two (double displacement) of the white opaque containers. One of the small containers was transparent and the other was opaque, and I used them for visible and invisible displacements, respectively. I used chocolate candies or grapes as rewards.
Design and procedure. There were two phases: pretest and test. During the pretest, we tested the apes' ability to retrieve a food reward after a 20-s delay. This test was used to ensure that apes were (a) motivated to get the reward and (b) capable of remembering the food location after a delay period comparable to that that would be used during the test. The procedure was as follows.
The experimenter (E) sat facing the ape behind the platform. Apes were accustomed to this procedure and quickly approached E and sat facing him as soon as he sat behind the platform. During testing, E wore a baseball cap that covered the upper part of his face including the eyes to minimize the possibility that apes gained access to E's gaze orientation. E placed the three big containers on the platform in such a way that the ape could see that they were empty (resting on their side so that apes were able to look inside Ihem). Then, E placed a reward in one of them in full view of the ape and closed them all (turned them upside down). After 20 s had elapsed, E pushed the platform against the fence, and the ape was allowed to select one of the containers. The first container touched by the ape was scored as his or her choice. If the ape selected the baited container, she received the reward and verbal praise. If she selected the incorrect container, she was simply shown the empty container. Apes received 18 trials presented in a single session.
For the test, E placed the three large containers on the platform in a closed orientation. At this point, trials varied according to three factors: visual access to the reward while the displacement occurred (visible vs. invisible), the number of steps involved in the displacement (single vs. double), and, for double displacements only, the displacement trajectory (adjacent vs. nonadjacent). After the large containers were in place, E added one of the small containers to the far left or right side of the platform and deposited a food reward under it in full view of the ape. E used the transparent cube to execute visible displacements and the opaque cube to execute invisible displacements among the large containers. After the displacements of the small container had been completed, E lifted it and showed the ape that it was empty (the reward was always left in one of the large containers) and pushed the platform against the fence. The first container touched by the ape was scored as his or her choice. Apes were allowed a second choice in invisible trials if they selected an empty container under which E had displaced the target object. Apes were not allowed to continue if they selected the container not visited by the E in their first choice (see Data analysis section for additional details).
There were two types of trials depending on the number of steps involved in the displacement. In single displacements, E displaced the small container under one of the large containers, dropped the reward under the large container and moved the small container to one of the sides of the platform. In double displacements, E displaced the small container under two of the three large containers, dropped the reward under one of them and moved the small container to one of the sides of the platform. Apes were unable to see the location where the reward was dropped because E totally inserted the small container inside the large container in each visit. Finally, there were two types of displacement trajectories in double displacements: adjacent and nonadjacent. In adjacent displacements, the small container visited two adjacent large containers (e.g., left then center or center then right). In nonadjacent displacements, the small container visited the two nonadjacent large containers (e.g., left then right).
Each ape received four 18-trial sessions. Two sessions were devoted to visible displacements (36 trials), and the other two were devoted to invisible displacements. The order of the visible and invisible trials was counterbalanced across apes. That is, some apes received all visible displacements first whereas others received all invisible displacements first. Within each session, apes received 6 single and 12 double displacement trials (6 adjacent and 6 nonadjacent) in a randomized fashion. The initial and final positions of the small container across trials were also counterbalanced (left-right). In double displacements, E visited the first predetermined container and then always moved from left to right. For example, if the first container visited was in the center, next he visited the container on the right. This strategy was adopted to reduce the number of double displacements to only three so that there would be enough trials of each type to conduct some detailed analyses. Table 2 presents the definitions, examples, and the total number of trials for each type of displacement.
Data analysis. Apes were allowed only one choice in visible trials. The probability of succeeding by chance in visible trials was .33 (1 out of 3 containers). Apes were allowed two choices in invisible trials if their first choice was empty but corresponded to one of the two containers visited by E. Otherwise, the apes' first choice was used as their response. The Note. Dashes indicate no experimental history. 1 = joystick tasks; 2 = tool use and social learning; 3 = comprehension of communicative signs; 4 = language acquisition. F = female; M = male. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. and right containers using an opaque cube and left the reward under one of the two containers. Double Nonadjacent 8 E displaced the reward under the left and (left-right) right containers using an opaque cube and left the reward under one of the two containers.
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Note. E = Experimenter. probability of chance success in invisible trials was .50 (.33 for selecting the baited container in the first choice + .33 X .50 for selecting the touched nonbaited container in first choice and the touched baited one in the second choice). Choices were entirely unambiguous because apes always selected a single container in each trial. We used analysis of variance (ANOVA) to investigate the effect of the various factors on the percentage of correct trials and the types of choices made by apes. Because there were a set of predictions derived from previous research, all statistical tests were onetailed unless indicated otherwise.
Results
During the pretest, apes succeeded in finding the hidden food after the 20-s delay in 89% (SE = 2.4) of the trials, which is significantly more often than would be expected by chance, f(l 1) = 23.21,p < .001. Individual analyses indicated that all apes performed above chance in their first session, except for 1 orangutan (Solok), who did so after an additional session. Figure 1 presents the percentage of correct responses as a function of the type of displacement and the number of steps involved. Apes as a group were above chance in all conditions, f(ll) > 4.30, p < .01. An ANOVA with type of displacement (visible vs. invisible) and number of steps (single vs. double) as factors revealed a significant effect of the type of displacement, F(\, 11) = 4.78, p < .05; and number of displacements, F(l, 11) = 3.36, p < .05. Apes were more successful in visible compared with invisible displacements and in single compared with double displacements. Given that there were no significant differences between the performance of orangutans and chimpanzees, data were collapsed across species. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
visible invisible Figure 2 . Mean (± SE) percentage of correct trials as a function of the type of displacement (visible vs. invisible) and the trajectory followed by the reward (contiguous vs. noncontiguous) for orangutans and chimpanzees.
for double displacement trials only. Apes were above chance in each of these conditions, f(l 1) > 5.90, p < .001; except invisible nonadjacent displacements, f(ll) = 1.40, ns. An ANOVA indicated a significant effect of the type of displacement, F(l, 11) = 12.03, p < .01; the displacement trajectory, F(l, 11)= 10.63, p < .01; and Type of Displacement X Displacement Trajectory, F(l, 11) = 10.79, p < .01. Post hoc comparisons within each stage indicated that there were no significant differences between adjacent and nonadjacent visible trials, t(l 1) = 0.14, ns. In contrast, apes were more successful in adjacent compared with nonadjacent invisible trials, ;(11) = 4.89, p < .001.
Because the percentage of correct responses in the invisible nonadjacent displacements was significantly smaller than in the invisible adjacent displacements, I analyzed those results in more detail. In particular, I compared the type of errors (and successes) and the choice patterns between adjacent and nonadjacent trials. A careful inspection of these two aspects may demonstrate the likely cause (memory vs. inhibition) for apes' low performance levels. First, I distinguished two types of errors (and successes) on the basis of whether they occurred in the first or the second choice. Recall that apes were allowed to choose two containers in invisible double displacements if they first chose the incorrect one of the two locations visited during presentation. Table 3 presents the percentage of each type of success and error in adjacent and nonadjacent trials. There were only significant differences between adjacent and nonadjacent trials in the percentage of second-trial Figure 3 presents the percentage of first choices to each container for each type of displacement, after splitting the adjacent trials into left-center and center-right trials. Regarding the two baited containers only, apes tended to select the container to the left more often than the other, although this difference did not reach significance in any of the three conditions, fs(ll) < 1.89, ns. Individual analyses, however, provided some support for the idea that apes may have been biased toward the left side. Table 4 presents the location selected most often across conditions per individual in the first choice. For purposes of clarity, only those containers selected in more than 20% of the trials were included in this analysis. Eight, 7, and 8 apes selected the left position as their most frequent choice in the left-center, centerright, and left-right trials, respectively, whereas only 3, 5, and 6 apes selected the right position in those same trials. In general, apes could be sorted into various groups according to whether their choice patterns indicated well-defined strategies (see Table 4 ). There were 7 apes with well-defined strategies (5 selected the relative left position whereas 2 others selected absolute left or center positions); 1 ape may have exhibited a relative left bias, and 4 others had unclear strategies.
Discussion
Chimpanzees and orangutans were more successful in visible compared with invisible displacements, in single compared with double displacements, and in adjacent compared with nonadjacent displacements. Moreover, apes performed above chance in alj types of displacement except in invisible nonadjacent displacements. These results replicated those of de Blois et al. (1998) with orangutans and are comparable to those of the gorilla tested by Natale et al. (1986) . There were no differences between chimpanzees and orangutans in the current study. 
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n c: Figure 3 . Mean (± SE) percentage of trials in which subjects selected each of the containers in invisible double displacements for orangutans and chimpanzees. These data reflect only the subjects' first choice in each trial. Arrows by the boxes represent the trajectory followed by the reward.
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Note. Columns 2, 3, and 4 present the container that was selected in the three double-displacement conditions. Capital letters denote those containers that received more than 50% first choices, and lowercase letters denote those containers that received between 50% and 20% first choices. Containers selected for less than 20% of the trials are not depicted. Capital and lowercase L, C, and R = left, center, and right, respectively.
A detailed analysis of the invisible double displacements indicated that there were two important differences between adjacent and nonadjacent trials. First, apes presented a greater percentage of second-choice errors in the nonadjacent trials than in the adjacent trials (there were no differences in this measure for first-choice errors). This means that in nonadjacent trials, apes selected the center container, which the experimenter had not visited, after having first chosen one of the containers on the side. Moreover, apes did not choose both side containers equally often. Apes tended toward a relative left-side response bias. That is, of the two visited containers, they tended to select first the one located on the left, and then they moved to the right. For instance, if the center and right containers were visited by the experimenter, apes tended to select the center container first and the right container second. The basis of this relative left-side bias is unclear. One possibility is that apes may have been influenced by the left-to-right direction followed by the small box. However, movement alone is unlikely to explain this result because the starting and finish positions were counterbalanced. This means that in half of the trials apes saw the reward move from the left to the right before visiting one of the large containers, whereas in the other half they saw the reward move from the right to the left. Moreover, after all visits to the large containers were finished, the small box moved from left to right in half of the trials and right to left in the other half of the trials.
de Blois et al. (1998) proposed that a memory deficit could account for the failure in invisible nonadjacent displacements. They argued that after finding empty one of the locations visited by the experimenter, orangutans forgot the other location that had been visited by the experimenter. However, our current results failed to support this explanation because apes succeeded in adjacent trials even though they failed to find the reward in approximately 40% of their first choices in adjacent trials-a percentage that is comparable to that observed in nonadjacent trials. If, after not finding the reward, apes forgot about the other container that was visited by the experimenter, it would be expected that apes would also experience memory problems in their second choice in the adjacent trials. Yet apes mostly obtained the reward in their second choice of these trials-a result that contrasts sharply with the poor performance in nonadjacent trials. Note that the factors put forward by Gagnon and Dore (1993) to explain dogs' results (i.e., the invisibility of the object, the transfer from the original container, and the displacement of the original container) cannot explain the apes' differential success in adjacent and nonadjacent trials because both types of trials were identical in all three factors.
Although it is true that a memory deficit could explain some errors, it is likely to represent a small proportion of them (< 10%; Table 3 ), and these errors were also found in nonadjacent trials. The percentage of successes in adjacent displacements was comparable to the percentage of errors in nonadjacent trials. Moreover, there were no significant differences between these two types of displacements in the percentage of errors and successes in the first choice. This seems to indicate that apes treated both types of displacement similarly but obtained different success because of the pattern followed by the experimenter in visiting the containers.
If the memory deficit hypothesis cannot fully account for the current results, other alternatives must be explored. One possibility is that the disproportionate percentage of errors in nonadjacent trials is due to the relatively left-biased search pattern found in some apes. If apes tended to start their searches from the left container of the two containers visited by the experimenter, and on finding it empty they continued their search from left to right (without skipping containers), this would explain why apes solved adjacent trials but struggled with nonadjacent trials. To solve both adjacent and nonadjacent displacements, apes should be able to either break the search pattern or, alternatively, keep the pattern but be able to refrain from choosing the empty container. This would mean refraining from choosing the closest container in distance to the one that had been inspected previously. Container proximity can be an important determinant of the apes' choices. Draper and Menzel (1966) showed that the distance to a reward exerted a more powerful influence than reward size in orangutans under certain conditions. In particular, orangutans in this study preferred smaller rewards that were close to them as opposed to larger ones that were far away. This problem was not observed in nonadjacent visible trials because apes simply visually tracked the food to the container where the experimenter deposited the reward.
There are two other alternatives that could account for the current results. First, it is possible that the apes' lack of success in nonadjacent trials is an artifact of the small number of trials administered in this condition (n = 8). It would be desirable to have a greater sample of those trials to see if that would alter the current results. Second, failure in nonadjacent trials may reflect the difficulties imposed by the container layout rather than the displacements executed between containers. In other words, nonadjacent trials may be hard because apes cannot resist the pull of spatially close containers, even when they know that these are empty. Thus, it would be desirable to contrast the memory deficit hypothesis with the response bias-inhibition hypothesis in the absence of any kind of displacement. These two alternatives (i.e., additional trials and no displacements) were examined in the next experiment.
Experiment 2: Additional Nonadjacent Trials and No-Displacement Test in Apes
The results of the previous experiment showed that chimpanzees and orangutans were capable of predicting food location except in nonadjacent trials. There were two tests in this experiment. The first test consisted of administering additional adjacent and nonadjacent trials to some apes who had participated in the previous experiment. The goal of this test was to obtain a better characterization of the apes' performance and to study if apes would improve with additional trials. The second test consisted of assessing whether apes also experienced difficulties with nonadjacent trials in the absence of any reward displacement. In this test, three containers were presented, and two of them were baited in full view of the ape. There were two types of trials: adjacent and nonadjacent. Both types of trials presented the same memory demands in terms of the number of elements present. They both had the same number of containers present and the same number of baited containers. If a memory deficit explained our results, apes should perform equally in both conditions, whereas if a response bias-inhibition problem was involved, they should perform better in the adjacent trials because they would not need to skip and inhibit responses to certain containers.
Method
Subjects. I used a subset of the apes who had participated in the previous experiment. For the additional invisible displacement trials, I selected the 7 apes with the best performance in the previous experiment. For the control inhibition test, I used 9 apes that were chosen on the basis of their availability (see Table 1 ).
Apparatus. Same as in Experiment 1. Procedure. I conducted two different tests. First, I conducted additional nonadjacent invisible displacement trials following the same procedure as in Experiment 1. Each ape received two 18-trial sessions, each composed of 9 adjacent and 9 nonadjacent trials presented in a randomized fashion.
Second, I conducted an inhibition control test. This test consisted of presenting three containers on the platform in an open orientation so that apes could see that all three containers were empty. Then, E baited two of the three containers in full view of the ape and closed them, starting from the left, so the apes knew where the food was located. The location of the rewards determined the type of trials. In adjacent trials, the rewards were placed in adjacent containers (e.g., left and center, or center and right), whereas in the nonadjacent trials, the rewards were placed in nonadjacent containers (i.e., left and right). The containers were never moved (as in the previous experiment), and apes were allowed to select two containers unless they chose an empty one in their first attempt. In such cases, we terminated the trial and did not allow the ape to make any other choices. Each ape received two 18-trial sessions. Within each session, apes received 9 adjacent and 9 nonadjacent trials presented in a randomized fashion.
Data analysis. Apes were allowed two choices if their first choice was correct (i.e., they found the food). The probability of succeeding by chance in both trials was .33 (.67 for the first choice X .50 for the second choice). I used some of the same analyses as before, such as percentage of success, error types, and the location of first choice. All statistical tests were two-tailed unless indicated otherwise.
Results
Additional invisible displacement trials. Apes were above chance in adjacent trials, t(6) = 6.30, p < .001 (M = 77.4, SE = 4.3); but not in nonadjacent trials, r(6) = 1.07, ns (M = 57.1, SE = 6.7). Moreover, there was a significant difference between adjacent and nonadjacent trials, t(6) = 2.19, p < .05. There was no ape above chance in the nonadjacent trials, whereas there were 4 out of 7 apes above chance in adjacent trials. A comparison between the current results and those of the previous experiment indicated that apes did not significantly improve their performance in adjacent or nonadjacent trials, t(6) = 1.50, ns. In fact, apes' performance in adjacent trials decreased, although not significantly so. Combining the trials from both test periods produced an overall mean success percentage of 82% (SE = 3.6) for adjacent and 51% (SE = 5.3) for nonadjacent trials.
No-displacement test. Apes found both pieces of food more often than would be expected by chance in both adjacent, ?(8) = 28.78, p < .001; and nonadjacent trials, f(8) = 3.40, p < .01 (see Table 5 ). However, apes performed significantly better in the adjacent compared with the nonadjacent trials, r(8) = 3.83, p < .01. Similarly, there were significant differences between adjacent and nonadjacent trials in the percentage of first-, r(8) = 2.31, p = .05; and second-trial errors, f(8) = 4.15, p < .01 (see Table 5 ). Individual analyses indicated that there was no ape above chance in the nonadjacent trials, whereas there were 4 out of 7 apes above chance in adjacent trials. Figure 4 presents the percentage of first choices to each container for each type of displacement. Apes tended to commit more direct errors (i.e., they first chose the empty container) in the nonadjacent trials compared with either one of the two adjacent trials: left-center, /(8) = 2.23, p = .056; center-right, t(8) = 2.06, This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Figure 4 . Mean (± SE) percentage of trials in which subjects selected each of the containers in the no-displacement test for orangutans and chimpanzees. These data reflect only the subjects' first choice in each trial. Dots inside the boxes represent the locations of the rewards. p = .07. Regarding the two baited containers only, apes seemed to preferentially select the container to the left more often than the other, although this difference was statistically significant only in the adjacent (center-right) condition, ?(8) = 4.37, p < .01. One possibility is that the results were not stronger because different apes had different patterns of response. Table 6 presents the location selected most often across conditions per individual in their first choice for each trial. In general, apes fell into one of two groups according to their choice patterns in the adjacent and nonadjacent trials. In the left-biased group, apes selected the relative left-side container (of the two baited ones). In the center-biased group, apes selected the absolute center container in adjacent trials, but their choices were less clear in the nonadjacent trials, although the right-side choices predominated to some extent.
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Discussion
The results of this experiment confirmed our previous findings. Despite the additional nonadjacent trials, apes still did not perform above chance, although they did in adjacent trials. This result confirmed previous studies showing that additional trials did not substantially alter the apes' performance in birds and monkeys (Natale & Antinucci, 1989; Pepperberg & Funk, 1990) . Therefore, the difficulty experienced by apes with nonadjacent trials seems genuine, not just a mere sampling artifact.
As was the case in the previous experiment, the response biasinhibition hypothesis explained the results better than the memory deficit hypothesis. First, apes were less successful in nonadjacent trials even though there was the same number of containers and rewards in both conditions. Second, most mistakes in nonadjacent trials were second-choice mistakes. Third, apes showed a relative left-side bias like that detected in the previous study, even in the absence of any displacement. This finding reinforces the notion that the left-side bias observed in the previous study was not due to the direction in which the experimenter visited the large containers.
In sum, the results on the percentage of success, error patterns, and first-choice location all favor the idea that apes have problems with nonadjacent trials because of the interference of two types of responses: left-side bias and inability to refrain from skipping the center container. This strong influence was independent of the reward displacements, and therefore the failure to solve nonadjacent displacements can be attributed to the general layout of the containers rather than to the specific displacements of the reward.
Experiment 3: Tracking Visible and Invisible Displacements in Children
In this experiment, I tested two groups of children (19-and 25-month-olds) in the same task that we used with the apes in Experiment 1.1 presented the same types of displacements, albeit fewer trials for each of them. The goal was to be able to compare the performance of children with that of the apes. On the basis of the literature, I predicted that visible displacements would be easier than invisible displacements and that single would be easier than double displacements. In addition, I predicted that older children would perform better than younger ones.
Method
Participants. Two groups of 12 children each (Homo sapiens) of different ages from the Atlanta, Georgia, area participated in the study. One group comprised young children (M = 19 months old, range = 17-21), whereas the other comprised older children (M = 26 months old, range = Note. Columns 2, 3, and 4 present the container that was selected in the three double-displacement conditions. Capital letters denote those containers that received more than 50% first choices, and lowercase letters denote those containers that received between 50% and 20% first choices. Containers selected for less than 20% of the trials are not depicted. Capital and lowercase L, C, and R = left, center, and right, respectively. This document is copyrighted by the American Psychological Association or one of its allied publishers.
22-28). There were 4 boys and 8 girls in the young group and 6 boys and 6 girls in the old group. Children were recruited by telephone calls to parents who had expressed interest in participating in studies.
Apparatus. I used an identical apparatus to that used with the apes except that I used small figurine toys as rewards instead of food.
Design and procedure. I followed the same design and procedure to the one used with the apes, with E and the child sitting on the floor facing each other. One of the child's parents was sitting on the floor behind her. After a warm-up period in which the E engaged the child in some game (e.g., rolling a toy train on the floor), E showed the child a set of toy figurines. After children had inspected them, E took them back and told the child that they were going to play a hide-and-seek game. E showed one of the figurines to the child and carried out one of the predetermined displacements on a platform. The parent restrained the child's access to the platform during the displacements. After the displacement was over, she asked the child if she could find the toy and pushed the platform within her reach. If the child found the toy, E praised the child and allowed her to inspect the toy for a few seconds. If the child did not find the toy, E said, "Uh oh, it's not there" and proposed, 'Try to find the toy again" and conducted the next trial. Children rarely gave any verbal feedback.
Each child received two 6-trial blocks in one session. One block of trials was visible displacements and the other was invisible displacements. The order of the visible and invisible trials was counterbalanced across children. Within each block of trials, children received two single and four double displacement trials (two adjacent and two nonadjacent) in a randomized fashion. I also counterbalanced the initial and final positions of the small container across trials.
Data analysis. Data scoring and analysis were identical to those used in Experiment 1 except that I did not analyze individual performances because of the small number of trials. On the basis of previous findings, I predicted that participants would perform better in visible compared with invisible displacements, in single compared with double displacements, and in adjacent compared with nonadjacent displacements. Thus, all statistical tests were one-tailed unless indicated otherwise. Figure 5 presents the percentage of correct responses as a function of the type of displacement and the number of steps involved. Children were well above chance in all conditions, ?(23) > 5.41, p < .001, except double invisible displacements in which they were only marginally significant, t (23) Older children were more successful than younger ones, visible displacements were easier than invisible ones, and single displacements were easier than double displacements. The order in which trial displacements were executed had no effect on either visible, »(22) = 0.50, ns; or invisible displacements, f(22) = 0.55, ns. Moreover, children did not improve their performance across trials in visible single, double adjacent, or double nonadjacent displacements (Sign tests: ps > .24 in all cases). Similarly, children did not improve their performance across trials in invisible single, double adjacent, or double nonadjacent displacements (Sign tests: ps > .5 in all cases). Figure 6 presents the percentage of correct responses as a function of the type of displacement and the trajectory of the toy for double displacements only. Children were above chance in all conditions, /(23) > 3.49, p < .01, except the invisible nonadjacent displacements, r(23) = 0.49, ns. An ANOVA including age, gender, type of displacement, and trajectory detected a significant effect of only Type of Displacement X Trajectory, F(l, 20) = 9.87, p < .01. Post hoc comparisons within each type of displacement indicated that there were no significant differences between adjacent and nonadjacent visible trials, f(23) = 0.90, ns. In contrast, children were more successful in adjacent compared with nonadjacent invisible trials, 1(23) = 2.50, p < .05.
Results
I also analyzed the types of errors (and successes) and the choice patterns as I did with the apes. Table 7 presents the percentage for each type of success and error in adjacent and nonadjacent trials. There were significant differences between adjacent and nonadjacent trials only in the percentage of second-trial errors, t(U) = 2.23, p = .036; and second-trial successes, f(ll) = 2.88, p < .01. Figure 7 presents the percentage of first choices of each container for each type of displacement. Considering only the two baited containers, children showed no marked preferences for either side: Wilcoxon test, T(N = 13) = 24, ns. In nonadjacent trials, 4 children passed both trials, 3 children failed both, and the remaining 5 succeeded in only one trial (with 4 of the 5 children correctly selecting the second container). I did not investigate individual choice strategies in more detail because of the reduced number of trials.
Discussion
Children's results were comparable to those of the apes; that is, they performed well in all conditions except invisible nonadjacent displacements. Moreover, children also presented the same patterns of errors and successes and response biases as those observed in apes, although the contrasts were less pronounced in children. For instance, the switch between errors and successes in adjacent and nonadjacent trials was less clear, and the response biases to the left detected in children were less clear than those found in apes.
As expected, older children were more successful than younger ones. However, both age groups performed at comparable levels in nonadjacent displacements. It is conceivable that children experienced some of the same response bias-inhibition problems detected in the apes. Next we conducted the same no-displacement 100 -i visible invisible Figure 6 . Mean (± SE) percentage of correct trials as a function of the type of displacement (visible vs. invisible) and the trajectory followed by the reward (contiguous vs. noncontiguous) for children.
test that we used with apes to see if we would observe the same patterns of responding in the absence of any displacements.
Experiment 4: No-Displacement Test in Children
Method
Participants. Twelve children (M = 22 months old, range = 18-25) from the Atlanta, Georgia, area participated in the study. There were 7 boys and 5 girls. Children were recruited from their day care centers.
Apparatus. I used an apparatus analogous to that used with the apes except that I hid small figurine toys instead of food.
Design and procedure. I followed the same design and procedure as the one used with the apes in Experiment 2, with E and the child sitting across a table facing each other. There were three containers on the table forming a straight line in front of the child. In each trial, E hid one toy under each of two containers in full view of the child. Each child received a total of four trials (two adjacent and two nonadjacent) in a single session.
Data analysis. I conducted the same analyses as with the apes (i.e., percentage of success, error types, and the location of first choice). However, I did not investigate individual patterns of responding in detail because of the reduced number of trials available. All statistical tests were two-tailed unless indicated otherwise.
Results
Children found both toys more often than would be expected by chance in both adjacent, t(\\) = 8.30, p < .001; and nonadjacent trials, r(ll) = 1.82, p < .05 (Table 8) . Mean (± SE) percentage of trials in which subjects selected each of the containers in invisible double displacements for children. These data reflect only the subjects' first choice in each trial. Arrows by the boxes represent the trajectory followed by the reward.
differences between adjacent and nonadjacent trials in the percentage of first errors, ?(11) = 4.0, p < .01; but not of second errors, r(ll) = 1.91, ns (see Table 8 ). Figure 8 presents the percentage of first choices of each container for each type of displacement. Regarding the two baited containers, children in adjacent trials seemed to preferentially select the container in the center more often than the other, although this difference was not statistically significant, r(ll) < 1.92, ns, in all cases, two-tailed. This preference for the center container would also explain the high proportion of direct errors in nonadjacent trials. The small number of trials per child prevented me from conducting additional analysis at the individual level.
Discussion
The results of this experiment were mixed. On the one hand, children performed worse in nonadjacent trials compared with adjacent trials, thus confirming the results of the previous experiment in which nonadjacent displacements were harder than adjacent displacements. On the other hand, children's patterns of responding were strikingly different from those in the invisible displacements of the previous study. In the current experiment, children were biased toward the center, not to the relative left as before. Therefore, unlike the apes' results, which agreed between studies, those for children did not provide confirmation that a response bias-inhibition problem may be underlying their failure in the invisible displacement trials. Nevertheless, this result indicated that children also experienced problems when they had to skip a container that they knew it was empty. Perhaps the discrepancy across studies is due to some procedural artifact, and it does not truly reflect a differential performance across tasks. We can rule out the possibility that results are due to children's lack of attention during the manipulations. First, the experimenter monitored closely children's attentiveness and repeated a trial if she judged that children were distracted during the reward presentation. Second, and more importantly, children performed well in the adjacent trials in which they had to remember the same number of locations.
Another possibility is that children may have experienced some sort of A-not-B error. In particular, children who encountered a toy in the previous trial in the center (after solving an adjacent trial) may have been unable to stop choosing the center container again. I checked and ruled out this possibility because experiencing a baited container in the previous trial did not have any significant effect on the next choice. On the other hand, 4 of the 5 children who made a mistake by selecting the center container in the first nonadjacent trial corrected this mistake in their second nonadjacent trial. This may indicate that making a mistake may help children solve the problem in the next trial.
It is still puzzling why children this old would choose the center container in the first place in nonadjacent trials. One possibility that deserves further scrutiny is that the two baited containers on the sides may have pulled equally and children this young may have suffered from the "Buridan's ass" phenomenon. That is, if two rewards are on the sides, children may have had difficulty deciding which one to choose and may have selected the third option, which happened to be empty. In the future, researchers should investigate this issue in greater detail.
General Discussion
The current set of experiments indicated that chimpanzees, orangutans, and children satisfactorily solved most types of object displacements, and all three species performed at comparable levels in each type of displacement. In general, visible displacements were easier than invisible ones and single easier than double displacements. All three species solved single, double adjacent, and double nonadjacent visible displacements. They also solved single and double adjacent invisible displacements but failed double nonadjacent invisible displacements. An additional experiment without container displacements confirmed that all species found a nonadjacent configuration of baited containers more difficult than an adjacent one. In particular, subjects selected a larger percentage of empty containers in nonadjacent than in adjacent configurations, even though they were allowed to observe which containers were baited.
There was little support for the memory deficit hypothesis as a possible explanation for the failure in nonadjacent invisible displacements. Subjects showed a differential success in adjacent compared with nonadjacent trials, even when no displacements were involved. This is remarkable because there was the same number of containers, rewards, and time between baiting and choice in both adjacent and nonadjacent trials. Moreover, subjects attempted a comparable percentage of second choices in both adjacent and nonadjacent trials, but their success was much higher in the former.
In contrast, the response bias-inhibition hypothesis provided a better fit for the data. Both apes and children committed more second-choice errors in nonadjacent compared with adjacent trials-a result that suggests that subjects had problems skipping containers. Moreover, both children and especially apes had a tendency to start from the container on the left side and to continue their search toward the right side (without skipping containers). This response pattern clearly hindered them in the nonadjacent trials. This search pattern and the errors associated with it were confirmed by the no-displacement test in the apes. In contrast, the no-displacement test for children failed to confirm the left-bias response pattern. Clearly, some other factor played a role in determining children's choices in the no-displacement test and researchers should investigate this finding in greater detail.
Taken together, these results indicated that chimpanzees, orangutans, and 19-to 25-month-old children are capable of representing the trajectory of a reward and inferring its possible locations in a variety of displacements. One can discount other, simpler possibilities such as just selecting the container that was touched because subjects did not have problems with the visible displacements. Moreover, previous studies with these same apes showed that touch alone by the experimenter did not provide privileged information about the location of food (Call, 2000a; Call, Agnetta, & Tomasello, 2000) . Similarly, other studies on object permanence have shown that orangutans and a gorilla did not use touch alone to solve this problem (de Blois et al., 1998; Natale & Antinucci, 1989) . Therefore, it would seem that representation with some constraints is a more accurate characterization of the performance of apes and children.
What the nature of these constraints is on representation is an intriguing question that deserves further study. One possibility is that representations formed in this problem are not robust enough that subjects can bypass their biases in each type of displacement. As was the case in previous studies (Natale & Antinucci, 1989; Pepperberg & Funk, 1990) , even additional trials did not substantially improve apes' performance in nonadjacent trials. Yet it is conceivable that procedural modifications may produce more positive results. Researchers should go in two directions. One direc-tion is to study how to create more robust representations that allow subjects to bypass the problems posed by the invisible nonadjacent displacements. For instance, with additional experience and with different types of stimuli or special types of experience, subjects may end up solving this problem. Data from children are encouraging as a single exposure (and the subsequent error) may have sufficed to make children respond correctly in the next trial in the no-displacement test.
A second direction is to present displacements but remove those conditions that may hinder the subjects' performance, while leaving the nature of the task intact. This could be accomplished in two complementary ways. First, one could present the containers in a nonlinear fashion, for instance, with the containers arranged in the form of a triangle or a semicircle. With all the containers being equidistant, it would be expected that the biases hindering the subjects' performance should be minimized. Second, one could present adjacent and nonadjacent problems in locomotive rather than manipulative space. Having to go from one location to another would introduce costs associated with traveling and may reduce the tendency to search in locations that have not been visited by the experimenter. If subjects pass nonadjacent tests in locomotive space or after the containers are presented in a nonlinear layout, this would confirm that subjects can indeed represent and infer the location of hidden objects.
It is important that these modifications be tested with several species. There is some debate about whether apes but not monkeys are capable of solving invisible displacements (de Blois et al., 1998; Natale & Antinucci, 1989; Schino, Spinozzi, & Berlinguer, 1990; Tomasello & Call, 1997) . However, it is possible that the putative ape superiority is because apes are capable of inhibiting responses better than monkeys-a skill not necessarily related to the object displacements per se. For instance, some monkeys and cats (de Blois et al., 1998; Dore, 1986 Dore, , 1990 may have special problems in invisible displacements because the last location where they found food exerts a very strong influence on their subsequent behavior. In fact, when alternative methodologies have been used, monkeys seem to have some understanding of invisible displacements. For instance, Filion, Washburn, and Gulledge (1996) found that rhesus macaques are capable of predicting and tracking the invisible displacements of an object in a computer task. It would be interesting to present invisible displacements in locomotive space in which monkeys solve a variety of problems such as inferring future food locations, using least-distance strategies, and remembering various food locations and their corresponding food quality (Cramer & Gallistel, 1997; Menzel, 1996a Menzel, , 1996b Hemmi & Menzel, 1995 ; for a review, see Call, 2000b) .
The performance of children was similar in many respects to that of the apes. In particular, children closely resembled the apes in their success rate and the types of errors across conditions. On the other hand, their choice strategy was less clear than that of the apes, showing a center bias in the no-displacement test. One possibility is that the invisible displacements and inhibition tests are tapping into two different phenomena. In the future, researchers should try to clarify if the same cognitive mechanism is responsible for the results of both tests. Nevertheless, children performed worse than expected in the invisible nonadjacent displacement. Children by their 2nd birthday should be able to solve this type of displacement, but they did not. Researchers should also try to clarify the nature of this unexpected result.
In conclusion, chimpanzees, orangutans, and children performed at comparable levels and satisfactorily solved most types of object displacements except the nonadjacent invisible displacements. It is hypothesized that some sort of inhibition and response bias rather than a memory deficit is responsible for the failure in the nonadjacent invisible displacements in all three species.
